Abstract: Most models evaluated by the Intergovernmental Panel for Climate change estimate projected increases in temperature and precipitation with rising atmospheric CO2 levels. Researchers have suggested that increases in CO2 and associated increases in temperature and precipitation may stimulate vegetation growth and increase evapotranspiration (ET), which acts as a cooling mechanism, and on a global scale, may
Introduction
The IPCC Fifth Assessment Report states that precipitation has generally increased over land in the Northern Hemisphere mid-latitudes [1] . Furthermore, there is substantial evidence to suggest that the hydrologic cycle has been intensifying with climate change [2] [3] [4] . These trends raise some questions. How is this hydrologic intensification being distributed across the cycle? To which components of the cycle has the additional precipitation been directed? What are the implications of these changes for the climate?
Some researchers suggest that the additional water available from increasing precipitation may stimulate an increase in vegetation growth and subsequently lead to an increase in evapotranspiration (ET) [5] [6] [7] . This process may induce a negative feedback on the climate, providing an additional cooling mechanism that may reduce the magnitude of the climate-warming trend.
Natural ET is comprised of canopy transpiration, interception loss (potential evaporation of precipitation intercepted by leaves on the canopy), and ground evaporation. The canopy-dependent component of ET responds to changes in vegetation structure [8] [9] [10] , so that vegetation greening leads to an increase in ET, and to changes in atmospheric CO2 concentration and environmental stresses through stomatal adjustment [11, 12] . Stressed vegetation tends to reduce its stomatal conductance and transpiration (e.g., [13] ), leading to a warming effect, whereas unstressed vegetation facilitates the diffusion of water out of the plant during photosynthesis, and thus increases transpiration and cooling (e.g., [6] ). ET can also be dictated in part by vapor pressure deficit (VPD) [14] , defined as the saturation vapor pressure minus actual vapor pressure.
The authors of [15] analyzed trends in the components of the hydrological cycle in 19 climate models simulating the effects of an increase in CO2.The ensemble mean from these models indicates that, compared to their respective baselines over land, the global mean of runoff change would increase twice as fast as that of the precipitation. However, only a few of these simulations have considered the effects of vegetation-climate interactions. Conversely, the studies of [5] [6] [7] considered vegetation-climate interactions within climate models of different degrees of complexity in an environment with increased atmospheric CO2 concentration, and all three studies accounted explicitly for an increase in vegetation structure through increase in vegetation Leaf Area Index (LAI). Additionally, the authors of [6] introduced plant physiological down-regulation-a process by which plants reduce their photosynthetic activity under abundant atmospheric CO2. Under elevated CO2, plants exhibit some down-regulation characterized by a reduction in the initial CO2 enhanced rates of photosynthesis that result from a gradual decrease in the activity and/or amount of Rubisco, the enzyme in plant cells responsible for the first step in carbon fixation [16] . Down-regulation reduces the canopy conductance beyond the reduction caused by the radiative and physiological effects of increased CO2 [12] , leading thus to increased water availability, which is diverted, as an additional effect, to increase LAI beyond increases caused by climate changes and CO2-induced water use efficiency. Each study compared the effects of the vegetation feedback on climate to a conventional simulation where vegetation structure was not allowed to change.
Results from all three simulations [5] [6] [7] suggested that an increase in vegetation density, or vegetation greening, will cause ET to increase. However, there was disagreement on the quantified significance of this potentially important feedback process and its global impact on the climate. In contrast to the models used in the analysis in [15] , the study in [6] found the rate of change of precipitation to increase more than that of runoff. Furthermore, the authors of [5, 6 ] simulated a reduction of warming trends associated with the increase in LAI and the authors of [7] found no significant global effect on climate.
While the modeling community has started to include the effect of this vegetation feedback on climate and assess its implications, the purpose of this study is to evaluate its significance by establishing an observational basis to determine whether ET has historically increased and whether an increase in ET may be related to an increase in vegetation.
Recognizing the difficulties in closing the water budget at regional or continental scales, and the lack of appropriate spatial data, our objective was to use available data to estimate the components of the hydrological cycle in order to analyze the historical evolution of ET over a large region of the eastern United States since the beginning of the twentieth century. We assess the trend in ET as a residual from the components of the water budget, including human water consumption, and compare it to changes in vegetation greening as inferred from the Normalized Difference Vegetation Index (NDVI).
Materials and Methods

Basin-Scale Water Budget
Over a contained hydrological basin where continuity equations apply, the natural (non-anthropogenic) water budget can be described by Equation (1) [17, 18] :
where P is the precipitation influx, Ru is the streamflow runoff, comprised of surface and groundwater runoff, and their difference (P-Ru) is partitioned into evapotranspiration (ET), change in surface water storage dS/dt(sw), change in moisture storage in the unsaturated zone dS/dt(uz) and change in storage of groundwater dS/dt(gw), respectively. At decadal to longer time scales and over hydrological units undisturbed by anthropogenic activities, an increasing trend in (P-Ru) must therefore be balanced by the net difference of evapotranspiration and storage trends. Over such long timescales many studies have shown that changes in surface water storage, dS/dt(sw), and storage in unsaturated zone, dS/dt(uz), are negligible (e.g., [19, 20] ).
Anthropogenic water use is increasing with increases in population and with increasing agricultural and industrial development. Water use is usually defined and measured in terms of withdrawal and consumption. Withdrawal refers to water extracted from surface or groundwater sources, and consumption refers to the part of a withdrawal that is ultimately used and removed from the hydrological unit, whether by evaporation, transpiration or incorporation into crops or other products. Conversely, the return flow is the portion of a withdrawal that is not actually consumed, and is instead returned to the hydrological unit [21] . Water consumption has been shown to have a non-negligible effect on the hydrological cycle at basin scales [22] . However, consumption data are not available at the basin scale over our study area. Therefore, we analyze precipitation, runoff and groundwater storage at the basin scale to evaluate the inter-basin variation, but only assess the trend in ET as a residual of the components of the water budget, including human water consumption, over the entire eastern United States study area, where anthropogenic water use statistics are available.
Study Area
Our study area covers 8 large hydrological units (New England, Mid Atlantic, South Atlantic-Gulf, Great Lakes, Ohio, Tennessee, Upper Mississippi, and Souris-Red-Rainy) that include the area east of the Mississippi River (Figure 1 ). Figure 1 . Eighteen major hydrological units as defined by the USGS encompass the continental US and are outlined with grey lines. The study area is shaded in grey and numbered labels are included for the hydrological units used in this study.
Although maize and soybean are major crops in the eastern United States [23] , this study region is less irrigated [24] and more forested than areas to the west of the Mississippi River. Furthermore, ET in the eastern United States is less limited by precipitation and soil moisture than in the western United States [25] .
Precipitation and Runoff Data
We used observed annual runoff data from 1901-2009 gathered by the U.S. Geological Survey (USGS). The runoff dataset was provided as total annual amounts by hydrological unit based on streamgage data that have not been naturalized to account for human-induced flow changes [26] .
We also used precipitation data from the Global Precipitation Climatology Centre version 6 [27] at 1.0° × 1.0° spatial resolution. The raw precipitation data were in gridded form and had to be confined to the same hydrological units as the runoff data, using a geographical information system (GIS) platform. Annual total precipitation was then averaged over each of the 8 hydrological units to obtain the longest possible time series spanning from 1901-2008.
Groundwater Storage-Water Table Fluctuation Method
In order to assess changes in groundwater storage, dS/dt(gw), we used a Water- Table Fluctuation (WTF) method which estimates dS/dt(gw) from changes in the water level of wells in unconfined aquifers. This method has been employed in a number of other analyses, including recent studies [28] and [29] . For each hydrological unit, we selected 10 wells from the USGS Climate Response Network (CRN) which contains wells certified as structurally sound, minimally affected by pumping, and representative of one specific hydrological unit [30] (http://groundwaterwatch.usgs.gov/net/ ogwnetwork.asp?ncd=crn). Wells were sampled to best represent the spatial extent of the hydrological unit and the longest period of record. We note that the small number of wells may not offer an ideal observational representation of water table fluctuations on the hydrological unit scale, but a very limited number of CRN wells contain a length of record long enough to warrant use in our long-term analysis. For each well, we determined a specific yield; a proportion that translates change in the water level height of a well into an equivalent amount of precipitation. The proportion is heavily dependent on the aquifer's geologic make-up and represents the fraction of the total aquifer volume that does not consist of geologic material and can be occupied by water. We determined the predominant geologic make-up of each aquifer and assigned an appropriate specific yield based on previously published average values unique to each geologic feature [31] [32] [33] . Estimates of dS/dt(gw) were obtained by multiplying the annual change in water level height for each well by the well's specific yield, and then averaging per hydrological unit over a common period of 56 years extending from 1955 to 2011. The years before this timeframe were not used, as the amount of data available was deemed insufficient.
The runoff, precipitation, and groundwater-derived dS/dt(gw) time series were calculated in terms of water years (October 1 to September 30). To reduce the effect of inter-annual variability, a 3-year moving average was applied to both the runoff and precipitation time series of each hydrological unit to isolate low frequency variability and make all trend calculations more representative of the long-term changes we wish to analyze.
NDVI
Observed 16-day composite NDVI values from the Advanced Very High Resolution Radiometer (AVHRR) [34] for the period 1982-2009 were spatially averaged over each hydrological unit, then summed to obtain total annual NDVI (by adding all 23 NDVI composites for each year), which is proportional to annual Gross Primary Production (GPP). In general, annual NDVI is an aggregate indicator of vegetation greening and the larger the NDVI, the greener the vegetation [35] . Furthermore, the total annual NDVI masks the seasonal variation, making it suitable to explore the existence of a potential relationship between long-term annual (P-Ru) and annual vegetation greening trends. The term vegetation greening is used instead of change in vegetation density, since NDVI trends can be driven by factors that are potentially unrelated to density, such as alterations to vegetation composition [36] or lengthening growing seasons [37] . Similarly, the NDVI time series were passed through a 3-year moving average to isolate long-term trends.
Water Withdrawal Data from the USGS
The USGS estimates water withdrawals for eight categories: public supply, domestic, irrigation, livestock, aquaculture, industrial uses, mining, and thermoelectric power for each state in the US. Total freshwater withdrawal for 2005 was 140,471 million gallons per day in the entire study region [38] . In this study, we use the freshwater withdrawal from the USGS and the ratio of consumptive use to estimate the water consumption in the study region. This analysis is outlined further in Section 3.4. The ratio of consumptive use is not available at the hydrological unit scale; therefore the complete analysis of the trend in ET can only be carried out over the entire study region.
Results and Discussion
Inter-Hydrological Unit Analysis
We first conduct a trend analysis of changes to the water budget components and vegetation greening at the hydrological unit scale to assess variability within the study region. The trend magnitudes can be estimated using different approaches, including Sen's slope estimator or the ordinary least squares regression [39, 40] . A two-tailed hypothesis test is used to determine the significance of these trends at the 95% confidence level. Time series of (P-Ru) from 1901-2008, dS/dt(gw) from 1955-2011 and NDVI from 1982-2009 are displayed in Figure 2 for each hydrological unit, and quantitative results of the trend and significance tests are provided in Table 1 . The longest possible time series for each variable is used, given the available data. Hydrological unit 6 is considerably smaller in spatial scale than the other hydrological units in our study region. Therefore, in order to compare hydrological units of similar size, hydrological unit 6 and the adjacent hydrological unit 3 have been combined and are considered as one hydrological unit for the purpose of this analysis.
We use the Kendall-Sen slope estimator and the linear regression methods to estimate the magnitude of the trends for each individual hydrological unit. Both methods produce similar estimates. In all but one of the hydrological units (HU7), (P-Ru) trends are positive and statistically significant at the 95% confidence interval, indicating that P is increasing, and more so than Ru ( Table 1 ). The largest increases in (P-Ru) occur in the eastern-most hydrological units, while HU's 7 and 9, in the northwestern-most region of the study domain exhibit the smallest trends. Generally, however, P-Ru trends are similar across the hydrological units. In all but one hydrological unit, dS/dt(gw) trends are insignificant in the statistical sense, while NDVI trends are positive and significant for all hydrological units (Table 1) . While some variability exists between the different hydrological units, the water budget components and vegetation trends are consistent across the study region, and inter-hydrological unit variability is limited. The small inter-hydrological unit variability is indicative of the homogeneity of the study region in terms of changes in (P-Ru), dS/dt(gw) and NDVI. Therefore in the following sections, these quantities are averaged over the study region where the analysis of the trend in ET is carried out as a residual from the components of the water budget.
Study Region Analysis
In order to estimate ET trends over the study region, we aggregate the precipitation, runoff, groundwater storage and NDVI data over the entire study region represented in Figure 1 . Similar to the analysis in Section 3.1, a three-year running average was applied to all time series.
Time series of P, Ru, dS/dt(gw) and NDVI, as well as their respective intra-regional variation, for the period of analysis are shown in Figure 3 and are used in the following analyses. We use the sample mean standard deviation across all hydrological units to represent the intra-regional variation (V), calculated as:
where σ is the standard deviation of all values in a given year and n is the number of hydrological units, since the annual mean calculations consist of one value per hydrological unit. This measure was added to, and subtracted from, the mean value for a given year to provide the spread displayed in Figure 3 .
Precipitation and Runoff Trends
Using the linear regression approach, we find the trend in P and (P-Ru) to be positive and statistically significant at the 95% confidence level, but not the trend in Ru (p = 0.55). The use of the Kendall-Sen slope estimator leads to similar results. The regression analysis shows precipitation has increased annually by about 0.67 mm·yr (Table 2) . This corresponds to a (P-Ru) increase from an average of 529 mm·yr in the first decade of the 21st century, an increase of about 11.4%. Combined, these results robustly indicate that the increase in (P-Ru) is mainly due to increase in P and that this increase has not been entirely directed to Ru, thus leaving some "excess water" unaccounted for. 
Groundwater Storage and NDVI Trends
Although groundwater is constantly replenished by precipitation that infiltrates into aquifers, change in groundwater storage, dS/dt(gw), has had a negligible response to the "excess water" associated with (P-Ru). Our analysis of groundwater averaged over the study region indicates a slightly decreasing Figure 3 and Table 2 ). Other work [41] suggests that areas in the northern New England and the South Atlantic-Gulf regions experienced prolonged declines in groundwater levels, but also suggests increases in most other regions, resulting in an uncertain trend for the entire region over the period extending from 1940 to 2007. Our analysis indicates a positive and statistically significant trend in vegetation greening (NDVI) over the study region. 
Excess Water Analysis
As indicated in Table 2 and Figure 3 , (P-Ru) is generally increasing, and dS/dt(gw) changes do not fully compensate for these trends, since change in this quantity is shown to be negligible for most hydrological units in the study region, and over the total area. Quantifying the cumulative amount of the "excess water" from 1901 to 2008, which we can attribute to increases in P outpacing increases in Ru, further illustrates that water storage components have not fully accounted for rising (P-Ru) trends. We estimated the total amount of water produced by the observed difference between precipitation and runoff (P-Ru) over the study area and over time. To minimize the effects of interannual variations in (P-Ru), we used a linear fit from Table 2 to estimate the baseline (P-Ru) in 1901 as 506 mm·yr −1 . The total excess water accumulated above this baseline from 1901 to 2008 was then obtained by integrating (P-Ru) over the 108 years and was estimated to be 3.18 m.
We consider which components of the water budget could account for this excess water associated with (P-Ru).
Change in Surface Storage
If this excess water were entirely attributed to surface storage, the entire study area would be submerged under 3.18 m of water. As a comparison, we collected the surface storage specifications of all dams located in the 30 states encompassing our study area that are monitored by the National Inventory of Dams [42] . We estimated that even if each dam were filled to maximum capacity entirely by excess water from (P-Ru), this would still only account for 0.24 m, or 7.6%, of the total 3.18 m of the excess water. This is in agreement with the studies [19, 20] that have shown that changes in surface water storage dS/dt(sw) and storage in unsaturated zone dS/dt(uz) are small and negligible over decadal to century time scales. Therefore we conclude changes in surface storage and unsaturated zone storage can only explain, a small fraction, if any, of the increasing (P-Ru) trends.
Change in Groundwater Storage
Using the same cumulative water amount and an average specific yield of 0.15 provided by [31] , if the excess water was directed to dS/dt(gw) in its entirety, the water table would have been forced to rise 21.2 m. Considering our previous analysis, using wells data, showed that there has not been a significant increase in water levels over the domain during our period of analysis, we also conclude that groundwater storage must only account for a fraction of the excess water.
To further illustrate that change in groundwater storage alone cannot account for the total excess water generated by (P-Ru), we consider that the amount of water withdrawn in 1980, a record high single-year withdrawal amount [43] , was withdrawn each individual year from 1901 to 2008. Using the value of total US groundwater withdrawal in 1980 and the percent of total withdrawal contribution from each hydrological unit [44] , we estimated an amount for the study area of 46,543 million gallons per day. We applied this value to each year of our study period and divided by the study domain area of 3.57 × 10 m 2 to estimate the depth of the water withdrawal. We determined this maximum, overestimated groundwater withdrawal to be about 1.93 m in depth. Even if this entire withdrawn amount were restored as water storage, it would only represent about 61% of the 3.18 m of the excess water.
This analysis leads to the reasonable conclusion that storage changes alone cannot account for of the totality of the observed (P-Ru) difference, even given vast overestimations of these storage changes. Therefore, other components of the water budget must have also responded to the observed (P-Ru) trends.
Trends in Human Water Use
For the study region, USGS statistics [38] indicate that the total water withdrawal for human use is about 140,471 million gallons per day in 2005 (Table 3 ). It also indicates that water withdrawal amounts vary by water use category, with thermoelectric power using the highest amount followed by public supply, industrial use, and irrigation. However, not all of these amounts are consumptive water. Consumptive water is defined as the water removed from available supplies without return to a water resource system. For example, the water used in manufacturing, or for food preparation that is not returned to a stream is considered consumptive. Human activities have different rates of consumptive water. For example, although a large amount of water is withdrawn for use in thermoelectric power generation, only 2.5% of it is consumptive [45] . Table 3 shows the different rates of consumptive water [46] for the different water use categories listed for our study area.
Using these rates and the water withdrawal amounts provided by the USGS, we estimate that from the total human water use, about 4.67 mm, or 10.4% was consumptive water in the study region in 2005 (Table 3 ). This value is in good agreement with the USGS study in [47] , which shows a 10% consumptive water rate as an upper limit for the study area in 1983.It is to be noted that in the study area, irrigated lands constitute only a small fraction of total land use [24] , yet this land use type constitutes the second most amount of consumptive water use among the categories defined in Table 3 . Table 3 . Water withdrawal by water-use category for the U.S. states east of the Mississippi river for 2005 from the USGS [38] . We use the total area of the study region (3.57 × 10 m 2 ) to convert the unit from gallons/day to mm/year. Numbers in brackets are references . If we apply the 2005 consumptive water amount to the entire 108-year period of analysis, the total amount of consumptive water over the study area and over time would be 0.51 m in depth. Applying the 2005 consumptive water rate to all years is an overestimation since consumption rates were presumably smaller in the earlier years of the studied time period, when the population was smaller. Furthermore, following this logic, the underestimated period (2006) (2007) (2008) , with presumably higher population, is very short compared to the overestimated period . Finally, taking the overestimated storage amount into account, in addition to the overestimated consumptive water amount, there will still be 0.50 m of excess water unaccounted for (Table 4) . Table 4 . Components of the hydrological cycle (m) over the period of analysis. Storage represents the total of the estimated maximum surface water (0.24 m) and groundwater (1.93 m) storage terms. The storage and consumptive water amounts are deliberate overestimates, contributing to an underestimate of the excess water that accumulated during the period of study. See text for details. In the eastern US, measured ET using lysimeters has been shown to reach roughly 0.83 m·yr −1 [48] . Using this value as a baseline of annual ET rate over the study area, to remove 0.50 m of excess water over 108 years (4.63 × 10 m·yr by the baseline, over the study period. While we do not consider this an exact value of an ET rate of change, it is an estimated value that indicates ET has increased during our period of analysis, even given large overestimations of water storage and consumption changes.
Evapotranspiration
Given the spatial and temporal scale of our work and the analysis of uncertainties associated with the different components of the hydrological cycle, our analysis concludes that the trend in (P-Ru) is statistically significant at the 95% confidence level. Furthermore, even when extremely overestimated, changes in all three storage components (dS/dt(sw), dS/dt(uz) and dS/dt(gw)) do not account for the entirety of (P-Ru) changes, implying ET must have increased to maintain the region-scale water budget. Based on the more realistic trend analysis, storage changes are negligible, a conclusion in agreement with previous studies [49] [50] [51] . Despite uncertainties in estimates, both the overestimated storage analysis and the more rigorous trend analysis show ET has historically been increasing over the eastern United States.
Evapotranspiration and Vegetation Greening
We also examined to what extent vegetation greening, and consequently increases in ET, could be explained by increases in the "excess water" (P-Ru). Although coherent satellite observations of vegetation greening do not exist over the entire period of analysis, the longest available time series of AVHRR-observed NDVI [34] (Table 2 ). These trends are in agreement with measurements made by the United States Forest Service, as documented in [52] . These observations indicated that vegetation density in timberland area, which makes up the majority of U.S. forests, has been increasing since 1953 in the Northeast and Southeast. The referenced findings incorporated measurements of growing stock, or the volume of living vegetation. Therefore, similar to our NDVI calculations, this positive trend only represents vegetation greening of previously existing plant life, and not an increase of vegetation areal extent.
The data show a statistically significant (p = 0.004) lag-correlation between changes in NDVI and excess water (P-Ru), where NDVI was lagged by one year to account for the natural response of NDVI to precipitation. A lag of weeks or months is a more accurate representation of the physical lag between available water and vegetation greening, and may have resulted in a higher correlation, but we are limited to annual runoff data given the time and space scale of our study. A lag of one year has been used in a similar fashion in previous work ( [53, 54] ). The lag-correlation also shows that (P-Ru) explains only about 20% of the total variance in NDVI, reflecting the fact that other variables (e.g., temperature, nutrients, vegetation composition, growing season length and solar radiation) also control NDVI trends. Furthermore, NDVI is only indicative of an increase in transpiration and interception loss of water from the canopy, whereas the "excess water" contributes not just to evaporation from the canopy, but also to soil evaporation. Biophysical modeling of evapotranspiration shows that over the study area, the canopy-dependent components of evaporation represent approximately 65% of the total evapotranspiration rate [55] , in agreement with a multi-model average of 64% [56] , suggesting that over vegetated lands, an increase in ET is largely due to vegetation growth through transpiration and interception loss. On the other hand, the relationship between vegetation CO2 uptake and transpiration is controlled by stomatal conductance. Increased CO2 reduces stomatal conductance, yet this reduction is not associated with similar change in stomatal density. Under elevated CO2, vegetation exhibits down-regulation characterized by a reduction in the initial CO2-enhanced rates of photosynthesis that results from a decrease in the activity and the amount of Rubisco [16] . In model simulations [12] , down-regulation reduced the canopy conductance beyond the reduction caused by the radiative and physiological effects of CO2 leading to increased water availability which could be diverted to increase leaf density beyond increases caused by climate changes and CO2-induced water use efficiency. However, the exact moisture stressing mechanisms in the soil, plant and atmosphere are difficult to assess due to the strong nonlinear correlations among environmental forcing variables on transpiration [57] , which could explain why the "excess water" can only explain a fraction of the variance in NDVI, even though a strong correlation exists between the two variables (r = 0.45). Our results merely hint at the possibility of a physical relationship. Further analysis is necessary to draw more robust conclusions.
It is difficult to precisely separate the different components of the water budget on such large scales and this analysis is an attempt to highlight the dynamic interaction between vegetation and climate in the regulation of the water balance and the partitioning of precipitation into evapotranspiration and runoff. The statistical relationship establishes observational evidence supporting the hypothesis that vegetation greening is responding to the increased precipitation and suggests that part of the "excess water" is contributing to increases in evapotranspiration.
Conclusions
Based on a century-scale observational analysis over large hydrological units of the Eastern United States, we find that increase in precipitation led to an increase in evapotranspiration during the twentieth century, possibly, in part, through vegetation greening. We observed that precipitation increased during our study period , and more so than runoff across most hydrological units and averaged over the large study area. We determined that changes in water storage were negligible and, taking into account anthropogenic water use, estimated that ET had a positive trend during this time period. We also showed a statistically significant correlation between increasing NVDI and (P-Ru) trends, indicating that this vegetation greening as measured by NDVI may have been partially responsible for the positive ET trend.
Projected increases in global temperature, and accompanying regional increases in land precipitation, are supported by observations [1] . An increase in land precipitation will increase soil moisture; and where vegetation growth was previously water-limited, canopy greening will occur. Where this happens, evapotranspiration will also increase, leading to surface air temperature cooling and supporting the negative feedback in climate simulations with elevated CO2 as suggested in [5, 6] . This claim is reinforced by results from the Intergovernmental Panel on Climate Change [1] , which shows no significant trend to increases in surface temperature in the Mississippi River basin and areas east over the past 100 years. The same results show warming has occurred in the northeast US region roughly corresponding to hydrological units 1 and 2, however. In agreement with our observations, modeling studies [58] indicate that in central North America, vegetation greening is essentially due to increase in precipitation. Our analysis lends weight to the notion that, in tandem with external factors such as agriculture intensification [59] , the additional water available from increasing precipitation associated with an increase in CO2 and climate change, stimulates vegetation growth ( [6] and references therein). This effect introduces a negative feedback with important implications for the climate and the carbon cycle. The feedback increases carbon sequestration through vegetation growth and enhances evapotranspiration rates, thus cooling the air.
This process has been modeled under increased CO2 conditions through various studies [5] [6] [7] . The results showed that the magnitude of the projected cooling depended partly on the treatment of the vegetation physiological activity under increased CO2 concentration and the associated climate change, and partly on the nature of the locally dominant surface-atmosphere interaction, both of which are highly model dependent. This study establishes an observational basis for this hypothesis, which should be included in all climate models projecting the future state of climate under an increased CO2 concentration.
We consider this study to be a preliminary observational analysis and a more detailed analysis of the relationship between excess water and vegetation greening is warranted. Although further work is necessary to solidify conclusions, results presented in this study suggest that changes in the state of vegetation may already be playing a role in the continental water and energy budget as atmospheric CO2 increases, possibly slowing the course of climate trends.
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